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ABSTRACT 
Objective: The aim of the present investigation was to study the potential effect of sweet orange juice against liver genotoxicity induced by lannate.  
Methods: adult 36 female rats were divided into 6 groups: group C (control group), group L (lannate group) injected intraperitoneal (i. p.) with 1 
mg/kg b. wt. lannate for one day, group J (orange juice group) orally administered a dose of 0.1 ml/10 g b. wt. of orange juice for 48 h, group J+L 
received the orange juice prior to lannate, group J with L received lannate in continuous with the orange juice and group L+J received lannate prior 
to the orange juice. Tested parameters were DNA fragmentation, micronucleus, histopathology examination and biochemical analysis.  
Results: it was found that, the intake of lannate caused high DNA fragmentation and significant increase (P<0.001) in the number of micronucleated 
polychromatic erythrocytes in the bone marrow. Furthermore, lannate exhibited some pathological changes in the liver tissues as well as a 
significant (P<0.001) decrease in the total antioxidative capacity (TAC) and a significant increase in the total oxidative capacity (TOC). On the other 
hand, orange juice administration of all treatments (pre-treatment, continuous and post-treatment) gave some amelioration against liver damage 
induced by lannate. While the best results were evidenced in the continuous treatment group where the juice could attenuate liver DNA 
fragmentation and significantly decreased (P<0.001) the number of micronucleated polychromatic erythrocytes. In addition, it improved the 
induced degenerative histopathological changes as well as ameliorated the changes occurred in TAC and TOC significantly (P<0.001).  
Conclusion: the antigenotoxic impact of orange juice against lannate was therapeutic and hence can counteract the poisonous effect of the pesticide 
in people who exposed to it.  
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INTRODUCTION 
Liver injuries due to chemicals such as alcohol overconsumption, 
medicine administrations, and environmental pollutants can induce 
cascades of pathological processes, the consequences of which are 
usually not restricted within the liver but can affect overall health [1]. 
Pesticides or crop-protection chemicals can be used to kill pests such 
as mites and aphids which cause diseases in plants. A serious 
environmental and health problems to the humans and livestock has 
been caused by the excessive use of pesticides in agriculture [2]. 
Although the pesticides exhibit useful features in agriculture, they also 
have toxic, immunotoxic, mutagenic, and carcinogenic effects on 
organisms [3]. Lannate is a carbamate pesticide which broadly used 
for the control of a large variety of pests (leafhoppers), on many crops 
such as fruits, vegetables, grains soybeans, cotton and ornamentals 
throughout the world [4]. The active ingredient in lannate is a 
methomyl, (S-methyl-N-(methylcabomyl)-thioacetimidate), a 
compound of the oxime carbamate group [5]. Methomyl has been 
classified as a pesticide of category-I exceedingly toxicity [6, 7].  
Human exposures to methomyl divided into three toxicity categories 
based on exposure route: I, oral exposure (highly toxic); II, 
inhalation (moderately toxic); and III, dermal exposure (slightly 
toxic) [8, 9]. Like other carbamates, its fundamental activity is 
through the obstruction of acetylcholinesterase action, resulting in 
tissue damage and possible cell death [10]. Methomyl is a strongly 
genotoxic substance that stimulates cell DNA damage and apoptosis 
in vitro in Drosophila S2 cells, Human cervical carcinoma HeLa cells 
and human embryo kidney HEK293 cells [11]. Moreover, methomyl 
resulted in micronuclei formation in mice [12], and high levels of 
sister chromatid exchange and chromosomal aberrations in mice 
and cultured cells [13, 14].  
Large numerous natural products have been examined, illustrating 
their powerful hepatoprotective effects, including foodstuffs such as 
blueberry and cactus fruits, through their mechanisms in reducing 
oxidative stress, decreasing inflammation, suppressing apoptosis, 
alleviating necrosis, recovering DNA damage, and modulating 
primary bile acid biosynthesis and lipid metabolism, and/or 
controlling intestinal permeability. Such abilities of repairing the 
structure and function of hepatocytes enable them to be used as 
promising alternatives in the selection of a healthy nutrition and 
potential candidates for the development of functional foods and 
pharmaceuticals [1]. Citrus fruits are recognized as one of the most 
healthful components of the human diet [15]. 
Citrus fruits are member of the family of Rutaceae, are one of the 
major fruit tree crops grown throughout the world [16, 17]. All 
citrus fruits participate in common their sweet and sour flavor. They 
have refreshing juice and are obtainable nearly all round the year 
[18]. Citrus fruit contain much amount of flavonoids and exhibit 
potent efficacy for free radical scavenging [19]. It was reported that 
citrus fruit components possess anticancer properties. Bioactive 
components existing in citrus fruits that are implicated in 
degenerative disease inhibition comprise vitamin C, β-carotene, 
flavonoids, limonoids, folic acid and dietary fibers. Vitamin C, 
flavonoids and β-carotene are strong antioxidants against oxidation 
of biomolecules such as DNA, protein and lipid membranes, 
therefore lowering the risk of cancers and cardiovascular diseases. 
Limonoids can protect against a lot of cancers by motivating 
Glutathione S-transferase action to neutralize carcinogenic free 
radicals. Folic acid plays an important role in amino acid metabolism 
and hence, it is a critical factor for growth [20]. 
The essential oils in orange juice (Citrus sinensis Linn.) include 
abundant ingredients, including monoterpenes and sesquiterpenes 
with d-limonene as a major constituent [21]. Moreover, the protective 
effect of citrus oils of reticulata (200 mg/kg, orally for thirty days) on 
isoniazid caused hepatotoxicity in wistar rats [22]. Also, some studied 
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showed some protective role of some of the citrus fruits in 
adipogenesis and angiogenesis due to proliferating tumors [23]. Thus, 
the aim of the present study was to investigate whether the sweet 
orange juice supplementation help to prevent the pesticide lannate 
genotoxicity in the liver of experimental female rats.  
MATERIALS AND METHODS 
Chemicals 
Lannate® 90% active ingredient water soluble powder (SP) was 
called methomyl, (S-methyl-N-(methylcabomyl)-thioacetimidate), it 
was obtained from Du Pont, USA. and purchased from Al Gomhouria 
Company, Cairo, Egypt. while orange fruits were taken from organic 
local market, Cairo, Egypt. 
Juice preparation 
Juice was prepared immediately before the test using Citrus sinensis 
organic blond oranges (free of agrochemicals). Glass recipients 
containing the juice were covered to avoid light exposure. 
Treatments  
Thirty-six adult female Swiss albino rats weighing 130-150 g were 
obtained from central animal house of the National Research Center, 
Giza, Egypt and The experimental protocols were carried out 
corresponding to the guidelines for the animal experiment, which 
was approved by the Ethical Committee of Medical Research of 
National Center, Dokki, Giza, Egypt (registration number: 13/165). 
After acclimatization period for one week under laboratory 
conditions, rats were randomly divided into 6 groups each 
containing 6 animals as following:  
Group C: Untreated rats used as controls received distilled water. 
Group L: Rats were injected with the pesticide lannate dissolved in 
0.1 ml of distilled water and were sacrificed after 24 h of the 
treatment. The dose used for i. p. injection of rats represented 
approximately 1/8-1/10 of the respective LD50 Value [24, 25]. Dose 
was 1 mg/kg b. wt., used as a positive control according to [26].  
Group J: Rats were received 0.1 ml/10 g b. wt. of orange juice by 
gavage for 48 h [27]. 
Pre-treatment group (J+L): Rats were given the juice prior to the 
pesticide injection. 
Combined group (J with L): Rats were received the juice in 
continuous with the pesticide. 
Post-treatment group (L+J): Rats were received the pesticide 
before the juice administration. 
Quantification of DNA fragmentation in liver 
DNA was isolated from hepatic tissue following the method of [28]. 
The tissue was homogenized in 0.5% SDS extraction buffer (10 ml of 
5 M stock NaCl, 10 ml of 1 M stock Tris base pH 8.0, 25 ml of 0.5 M 
stock EDTA pH 8.0, 2.5 gm SDS up to 500 ml dist. H2O) and tissue is 
crushed in buffer until it dispersed then centrifuged at 500 rpm for 5 
min. After that 50 µl of proteinase-K solution (10 mg/ml) were 
added to 20 µl of sample, the tubes are closed and inverted to mix 
then kept overnight.5 µl of RNase was added for 15 min in room 
temperature. A mixture of 1 ml (phenol: chloroform: isoamylalcohol 
in 25:24:1) was added and samples were placed in vortex for 2-5 sec 
then centrifuged at 12.000 rpm for 15 min. Carefully 400-500ul 
aqueous layer from each sample removed into a new tube and mixed 
with 40-50 µl 3M sodium acetate pH 5.3. Ethanol 100% was added 
till mark 1.5 ml and inverted to mix and to precipitate DNA it let to 
set at-20 °c overnight then centrifuged at 12.000 rpm for 20 min. 
The supernatant was removed and DNA pellets were re-suspended 
in 50 µl of TE buffer (10 mmol tris Hcl pH 7.4, 1 mmol EDTA) 
overnight till complete dissolving. The gel is prepared by melting 1.2 
% agarose in 50 ml running buffer (1 X TBE buffer contains 10.8 gm 
Tris HCl, 5.5 gm boric acid, 4 ml of 0.5 M EDTA pH 8.0, up to 1000 ml 
dist. H2O) then 5 µl of ethidium bromide was added to stain the gel 
and left for 20 min to be solid. The samples were diluted in 6X DNA 
loading buffer, which then was electrophoresed using 70 volt and 
300 ampere for 30 min. The DNA bands were observed and 
photographed under a UV trans-illuminator. 
Micronucleus assay  
The frequency of micronucleated erythrocytes in femoral bone marrow 
preparations was evaluated according to the procedure described by 
[29]. After the sacrifice of animals, both femurs were desiccated out, 
cleaned from muscular tissue and both cartilaginous epiphyses were cut 
off. The marrow was flushed out with 1 ml fetal calf serum (FCS) into a 
centrifuge tube, using a clean syringe. The samples were centrifuged at 
1000 rpm for 10 min. Following centrifugation, the supernatant was 
discarded, and the cells resuspended in a drop of FCS. The suspensions 
were spread on slides and air dried. The slides were fixed in methanol 
for 15 min, stained by Giemsa stain for 10 min, and rinsed in distilled 
water. A thousand of polychromatic erythrocytes (PCE) was scored. The 
frequency of micronucleated cells was expressed as percent of total 
polychromatic cells. 
Polychromatic erythrocytes/Normochromatic erythrocytes 
(PCEs/NCEs) ratio  
A total of about 100 erythrocytes of both types PCEs and NCEs were 
counted for each animal to determine the PCEs/NCEs ratio. 
Histopathological study of liver 
Autopsy samples were taken from the liver of rats in different 
groups and fixed in 10% formalin for twenty-four hours. Washing 
was done in tap water then serial dilutions of alcohol (methyl, ethyl 
and absolute ethyl) were used for dehydration. Specimens were 
cleared in xylene and embedded in paraffin at 56 degree in hot air 
oven for twenty-four hours. Paraffin bees wax tissue blocks were 
prepared for sectioning at 4 microns thickness by slidge microtome. 
The obtained tissue sections were collected on glass slides, 
deparaffinized, and stained by hematoxylin andeosin stain for 
examination through the light electric microscope [30]. 
Biochemical assay 
The total antioxidative capacity (TAC) as well as total oxidative capacity 
(TOC) concentrations in liver were assayed by enzyme immunoassay 
(EIA) technique according to [31, 32]. These kits were manufactured by 
Labor Diagnostika Nord GmbH and Co. KG, Nordhom, Germany.  
Statistical analysis 
Data of micronucleus and biochemical assays were coded and 
entered using the statistical package SPSS version 25. Data was 
summarized using mean and standard deviation for quantitative 
variables and frequencies (number of cases). Comparisons between 
groups were done using analysis of variance (ANOVA) with multiple 
comparisons post hoc test [33]. P-values equal or less than 0.05 
were considered as statistically significant.  
RESULTS 
Effect on DNA fragmentation 
The liver samples of pesticide-intoxicated rats showed smeared DNA 
fragmentation, as evident from the tailing of the DNA (Lane L) when 
compared with the control (Lane C) and the orange juice-treated (Lane 
J) groups. Continuous treatment of pesticide-intoxicated rats with 
orange juice (Lane J with L) markedly suppressed DNA fragmentation. 
However, DNA fragmentation was still localized at the starting point in 
the pretreatment and post-treatment groups with the orange juice 
(Lane J+L and Lane L+J). There was no difference between the DNA 
electrophoretic patterns of the orange juice-treated rats (Lane J) and 
the control group (Lane C) as shown in fig. 1. 
Furthermore, the results of gel electrophoresis laddering assay were 
analyzed using ImageJ software which revealed that treatment of 
rats with the orange juice alone caused similar low DNA damage to 
that in control group (table 1). However, lannate treated rats 
expressed more bands of the damaged DNA compared with the 
control and orange juice treated rats. In contrary, treatment of rats 
with orange juice decreased the damage in the DNA caused by 
lannate in the group treated with pesticide combined with orange 
juice and also in the post-treated group fig. 2. 
Fig. 1: DNA fragmentation detected with agarose gel of DNA extracted from hepatic tissues of rats treated with lannate
presence of orange juice, to show the shadowing smear of fragmented DNA in the studied groups. Lane 
control group, showed intact band of DNA; 
group, showed higher degree of DNA damag
damage; Lane L+J: lannate-treated group prior to orange juice, showed slight degree of DNA damage a
treated group plus lannate, showed no DNA damage
 
Fig. 2: Image J software analysis of DNA fragmentation in all studied groups showing number of bands expressed as peaks
Table 1: DNA Fragmentation in rats treated with 
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Micronucleus assay  
In the control group, 14 of micronucleated polychromatic erythrocytes 
(PCE), cells were obtained among 1000 examined cells which represent 
1.4 %, while in the pesticide treatment group, 211 micronucleated PCE 
cells were counted which represent 21.1 %. In the orange juice group
 
Table 2: The micronucleus frequency (expressed as percent of micronucleated cells) in polychromatic erythrocytes in the bone 










Values are presented as mean±SD. *: statistically significant compared to corresponding value in C group (P
to corresponding value in L group (P≤0.05), $: statistically significant compared to corresponding value in J group (P≤0.05),
compared to corresponding value in L+J group (P
 
The obtained results showed that lannate showed a stati
significant increase (P<0.001) in the frequency of micronucleated 
PCE compared to control group and the orange juice group. Also, the 
statistical analysis indicated that a significant decrease (P
the frequency of micronucleated PCE of all treatme
 
Fig. 3: Histogram of micronuclei percentage in polychromatic erythrocytes in bone marrow of experimental rats. Values are presente
mean±SD. *: statistically significant compared to corresponding value in C group (P
value in L group (P≤0.05), $: statistically significant compared to corresponding value in J group (P≤0.05), @: sta
corresponding value in L+J group (P≤0.05), 
Fig. 4: Different forms for the micronuclei in polychromatic erythrocytes observed in 
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, 
there were 20 of micronucleated PCE cells were obtained among 1000 
examined cells which represent 
juice gave 141 micronucleated PCE (among 1000 examined cells) with a 
percentage of 14.1 %, while 62 and 99 micronucleated PCE cells were 
obtained in continuous and post treatment of the orange juice, 
respectively which represent 6.2% and 9.9%
of rats in all studied groups 
L+JJ+L L J 
15 20 38 5 
17 25 40 4 
20 22 37 4 
13 21 35 3 
18 30 30 2 
16 23 31 2 
99 141 211 20 
16.5±2.4323.5±3.62*#$@  35.17±3.97*  3.33±1.21#   
9.9 14.1 21.1 2 
≤0.05), #: statistically significant compared 
≤0.05), and: statistically significant compared to corresponding value in J+L group (P
stically 
<0.001) in 
nt groups with 
the orange juice compared to lannate group. In the same time, all the 
treatment groups with the orange juice are 
(P<0.001) compared to the control group, while the lowest number 
of micronucleated PCE cells found
orange juice with the pesticide,
 
≤0.05), #: statistically significant compared t
and: statistically significant compared to corresponding value in J+L group (P
 
 
bone-marrow of experimental rats exposed t
lannate (Giemsa stain, 1000×) 
11, 26-34 
29 
2%. The pretreatment with the orange 
 (table 2). 
marrow 








10.33±1.86*#$@and  *#$  
6.2 
 @: statistically significant 
≤0.05). 
still statistically different 
 in continuous treatment of the 
 as shown in fig. 3 and 4. 
d as 
o corresponding 





The PCE/NCE ratio in pesticide group was statistically significant 
decreased (P<0.001) when compared to the control group. 
 
Table 3: The PCE/NCE ratio in the bone marrow of experimental rats in all 
PCE/NCE Ratio 









Values are presented as mean±SD. *: statistically significant compared to corresponding value in C group (P
compared to corresponding value in L group (P
statistically significant compared to corresponding value in J+L group (P
 
Fig. 5: Histogram of PCE/NCE ratio in the bone marrow of rats.
corresponding value in C group (P≤0.05), #: statistically significant compared to corresponding value in L group (P
significant compared to corresponding value in J group (P
Fig. 6A: Liver paraffin sections stained by haematoxylin and eosin (H
control liver, (b-f) liver treated with lannate. The magnification power was 100x in 
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rythrocytes Meanwhile, there was a statistically 
ratio in continuous (P<0.001)
treatment groups (P=0.04) when compared to the 
shown in table 3 and fig. 5. 
stud
J+L L J 
1.16 1 2.06  
1.29 1 1.91  
1.32 1.04 1.96  
1.10 1.08 1.6  
1.50 0.96 1.08  
1.56 1 1.17  
7.93 6.08 9.78  
1.46±0.16 *#$1.72±0.29* 1.02±0.09 #  
≤0.05), $: statistically significant compared to corresponding value in J group 
≤0.05). 
 
 Values are presented as mean±SD. *: statistically significant compared to 
≤0.05), and: statistically significant compared to corresponding value in J+L 
group (P≤0.05) 
 
andE) for histopathological changes induced by lannate. (a) normal 
fig. number (a), (b), (c), and (e) while it was 200x in 
number (d) and 400x in fig. number (f) 
11, 26-34 
30 
significant increase in PCE/NCE 
, post-treatment (P=0.001) and pre-
pesticide group as 
ied groups 
 








1.16±0.06 #and 1.32±0.1 *#$  
≤0.05), #: statistically significant 
(P≤0.05), and: 




The histological examination of the liver tissue of control rats 
showed normal hepatic lobules formed of radiall
hepatocytes (h) extended from the central vein (cv), separated by 
blood sinusoid (s) as shown in fig. 6Aa. Meanwhile, the microscopic 
examination of the liver sections of lannate group detected multiple 
focal haemorrhages in the parenchyma (fig. 6Ab) associated with 
dilated congested portal vein (pv) as well as edema (e) and focal 
inflammatory cells infiltration (m) in the portal area with fibrous 
sheath (fb) around portal artery (fig. 6Ac). In addition, there was 
hyperplasia in the lining epithelium of the dilated bile duct at the 
portal area (fig. 6Ad), also fibrous sheath (fb) seen around the wall 
of portal artery with blood haemorrhage (hm) and inflammatory 
cells infiltration (m) around portal vein and portal artery as well as 
 
Fig. 6B: Liver paraffin sections stained by H
without lannate. (g) orange juice treated group, (h) post
magnification power was 100x in 
Fig. 7: Histogram of TOC and TAC concentration (mmol L
statistically significant compared to corresponding value in C group (P
in L group (P≤0.05), $: statistically significant compared to corresponding value in J group (P≤0.05), @: stati
to corresponding value in L+J group (P≤0.05), 
Biochemical assay 
TOC was significantly higher (P<0.001) in pesticide gr
(0.39±0.01) compared to the control group (0.26±0.02) while TOC of 
the orange juice-treatment groups was significantly lower (P<0.001) 
compared to the pesticide group where the mean±SD was 0.35±0.01, 
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y arranged cords of 
hydropic change (hc) in some hepatocytes. Sever dilatation and 
congestion was detected also in the central vein (fig. 6Ae), in 
addition to diffuse kupffer cells (k) proliferation was detected in 
between the degenerated and fatty changed (fc) hepatocytes (fig. 
6Af). 
On the other hand, normal hepatic architecture detected in the 
orange juice treated group (fig. 
vein associated with few inflammatory cells infiltration in the portal 
area of the post-treatment group
group there are few inflammatory cells infiltration was detected 
surrounding and adjacent the dilated central vein 
area (fig. 6Bi). Also, a diffuse kupffer cells proliferation with few 
inflammatory cells infiltration
hepatocytes (fig. 6Bj) of continuous group.
 and E showing ameliorated hepatic architecture in the orange juice treated groups
-treatment group, (i) pre-treatment group, (j) continuous group.
fig. number (h) and (i) while it was 200x in fig. number (g) and (j)
 
−1) in the serum of experimental rats. Values are presented as mean
≤0.05), #: statistically significant compared to corre
and: statistically significant compared to correspond
 
oup 
0.31±0.01 and 0.31±0.01 in pre
treatment respectively. 
In addition, TAC was decreased significantly (P<0.001) after the 
treatment of pesticide (1.14±0.02) compared to the control group 
(1.27±0.02). Meanwhile, TAC was increased significantly in the 
11, 26-34 
31 
6Bg). While a dilatation in the central 
 (fig. 6Bh). In the pre-treatment 
and in the portal 
 were detected in between the 
 
 






stically significant compared 
ing value in J+L group (P≤0.05) 
-treatment, continuous and post 
Badr et al. 
Int J Pharm Pharm Sci, Vol 12, Issue 11, 26-34 
32 
orange juice of pre-treatment (P=0.002, 1.18±0.01), continuous 
(P<0.001, 1.22±0.02) and post treatment (P<0.001, 1.19±0.02) 
groups compared to the pesticide group. TOS and TAC were similar 
in the control group and the orange juice group (fig. 7). 
DISCUSSION 
Recently, the pesticides problem has been in the focus of public 
interest. The excessive use of pesticides to eliminate pests or to 
regulate crop growth led to pesticide residues in soil, air, water, 
stored grains, crops and plants at concentration levels which exceed 
the legal limits [34]. Prolonged exposure to such agrochemicals may 
lead to heritable disorders, carcinogenesis, reproductive 
dysfunction, and birth defects [35]. Therefore, this study was 
designed to deal with that problem by using natural product such as 
orange juice. Citrus fruits and its juices are known as one of the most 
healthful components of the human diet. They are accepted for their 
cost is very cheap, their nutritive and medicinal value as well as for 
providing particular flavor to a wide sorts of food products, making 
it very popular among food product. Although methomyl is 
degenerated rapidly and its metabolic remnant has little toxicity, 
however, long-term exposure to methomyl may induce genetic 
damage in humans [36]. Methomyl caused chromosome aberrations, 
sister-chromatid exchanges, micronuclei and DNA single strand 
breaks in agricultural workers peripheral blood [37]. Most studies 
conducted to assess the biological activity of fruit and vegetable 
juices and extracts have focused on isolated phytochemicals. 
Moreover, full mixtures have been mainly estimated by in vitro test 
systems. Thereby, this work aims to evaluate the therapeutic effect 
of orange juice on the genotoxicity of the pesticide lannate in vivo. 
In the current study, liver damage induced by pesticide lannate was 
confirmed by DNA fragmentation and results revealed that lannate 
exhibit high degree of DNA fragmentation in the liver samples of 
experimental rats due to lannate could disrupt the balance between 
the production of free radicals and antioxidant defenses, leading to 
DNA damage. These results are similar to those of [11] who found 
that liver and kidney of Swiss CD1 mice treated intraperitoneally 
with a single dose of methomyl 5 mg/kg showed a significant 
increase in oxidative damage after 4 h of treatment due to the 
formation of 8-hydroxy guanosine (OH8dG) which considered to be a 
relevant factor for DNA damage and potential genotoxic and 
carcinogenic effects due to reactive oxygen species [38]. Moreover, 
pesticides may raise oxidative damage because they are more active 
to oxygen free radical that re-oxidizes to make superoxide or the 
pesticides may itself be free radicals or they may deplete 
antioxidants defenses [9]. Furthermore, methomyl is a strongly 
genotoxic agent that induces cell DNA damage [11]. On the other 
hand, continuous treatment markedly suppressed DNA 
fragmentation. So, it is clear that orange juice may prevent the 
toxic effects of the pesticides on DNA because it is rich source of 
useful phytochemicals, such as vitamins C, flavonoids, limonoids, 
and other compounds. This results in agreement with the previous 
results of [27]. 
Vitamin C is a vital micronutrient primarily required as a co-factor 
for enzymes included in oxi-reduction responses [39, 40 and 41]. 
Vitamin C can compete with DNA as a target for alkylation, 
decreasing the genotoxicity of alkylating agents [42]. Moreover, 
vitamin C has a role in the regulation of DNA repair enzymes [43]. 
Vitamin C is not protein bound and is degraded with an elimination 
half-life of 10 h [44]. Also, Phenolic compounds are another 
constituent of orange juice. They can protect biological systems by 
different ways [45, 46, 47 and 48]. Some flavonids, like hesperetin, 
can selectively prevent human Cytochrome P450 [49], decreasing 
the absorption of toxic compounds. Other phenolic compounds, such 
as limonoids are inducers of the detoxifying enzyme gluthatione S-
transferase. The stimulation of detoxifying enzymes can facilitate the 
elimination of toxic compounds, significantly affecting the toxic 
potential of endogenous and exogenous chemicals [48]. Moreover, 
phenolic compounds such as myricetin can stimulate DNA repair 
pathways, through transcription regulation or mRNA stabilization 
[50]. In pre-treatment, phenolic compounds and vitamin C in a 
minor extent (due to the shorter half-life) could have competed as 
target site for alkylation. With respect to continuous and post-
treatments, both phenolic compounds and vitamin C together could 
have affected the kinetics of repair. 
The micronucleus induction assay was utilized as an extra sensitive 
biological indicator of the injury to somatic cell genome of organisms 
exposed to pesticides. It is known that the appearance of 
micronucleus is related to the loss of chromosome fragments due to 
chromosome breaks [51]. Our results revealed that there was 
elevation in the number of micronuclei in the lannate exposed 
animals. Because micronucleus could be the consequence of the 
mitotic spindle malfunction, it is possible that the lannate could also 
express an aneugenic mode of action as inhibiting cell division and 
mitotic spindle apparatus. Micronucleus formation observed in 
animals clearly indicate that this pesticide interacts with chromatin 
DNA and induce damage there. Such interactions/DNA damage may 
be caused by an increased incidence of alkali labile sites in DNA [52]. 
Our results are in agreement with those of [11, 13]. 
On the other hand, the present study indicated that the combination 
of orange juice with lannate significantly reduced that elevation in 
micronucleated PCE cells and that coincide with the findings of [53]. 
There are several studies evaluating the antioxidant potential of 
orange juice, mostly in vitro. All in vitro studies have shown that 
orange juice has considerable antioxidant potential. The high 
content of flavonones in orange juice is linked to its antioxidant 
potential. Juices rich in flavonones are the second-best antioxidants, 
after fruits rich in anthocyanins (red, purple, or blue fruits) [54, 55]. 
To date, it is not clear how much each orange juice constituent 
contributes to the overall antioxidant activity. It is possible that 
some compounds act at short-term losing their antioxidant capacity 
(vitamin C) and other such as phenolics might retain their 
antioxidant potential for longer periods [56, 57]. 
The histological examination of liver tissues of lannate group 
detected hepatic destruction may be due to oxidative stress 
generating by free radicals which damage cell components. These 
results are in agreement with those of [58] who showed that much 
pesticide induce some toxic and adverse effects on the liver, kidney 
and other biological systems, when tested on various types of 
experimental animals through their mode of action or by production 
of free radicals that damage all cell components. Also, methomyl 
causes disturbance in fetal development and histological changes in 
female rats [59]. Moreover, the pesticide methomyl, even at low 
doses, can induce hepatocytes dysfunction, oxidative stress, and 
histopathological damage in liver of male rats [60]. On the other 
hand, all treatment groups (pre, post and continuous) of orange juice 
have improved the architecture of the liver tissue and decreased all 
the histopathological damage induced by lannate, these results are 
in agreement with [61].  
In the present investigation the pesticide lannate also induced a 
significant increase in total oxidative stress (TOS) and that in 
agreement with those results of [9] who reported the methomyl 
induces oxidative stress. Also, mice treated with methomyl cleared 
elevation in oxyradicals which enhanced increase in total superoxide 
dismutase activity in erythrocytes [62].  
In addition, total antioxidant capacity (TAC) which considered the 
cumulative effect of all antioxidants present in all the body was 
significantly decreased by lannate. This is possibly owing to the 
depletion of the antioxidant molecules, due to their consumption in 
the process of protecting cells against reactive oxygen species 
generated by the lannate. These results are similar to those of [63, 
64]. On the other hand, TOS in orange juice-treatment groups were 
significantly decreased while TAC was significantly increased. This 
suggested that the orange juice can prevent the oxidative stress 
caused by lannate and, thus, the orange juice may have antioxidant 
properties modulating the toxic effects of the pesticide. 
CONCLUSION  
Our results revealed that the lannate’s mutagenicity was 
counterbalanced in by the inhibitor capacity of orange juice, 
probably through its antioxidant properties. Pre-treatment with 
orange juice slightly reduced the level of DNA damage and other 
parameters induced by lannate, while continuous treatment 
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followed by post treatment both induced a significantly higher 
reduction in DNA damage as well as micronucleated polychromatic 
erythrocytes, improved histopathological changes and ameliorated 
biochemical parameters. Damage reduction was higher because all 
compounds could act as reactive species quenchers and DNA repair 
pathways modulators. Thus, we advise individuals who are 
constantly exposed to the pesticide to drink more orange juice 
through period of exposure. 
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